Background-Extended-release niacin with laropiprant did not significantly reduce the risk of major vascular events and increased the risk of serious adverse events in Heart Protection Study 2-Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE), but its net effects on health and healthcare costs are unknown. Methods and Results-25 673 participants aged 50 to 80 years with previous cardiovascular disease were randomized to 2 g of extended-release niacin with 40 mg of laropiprant daily versus matching placebo, in addition to effective statinbased low-density lipoprotein cholesterol-lowering treatment. The net effects of niacin-laropiprant on quality-adjusted life years and hospital care costs (2012 UK £; converted into US $ using purchasing power parity index) during 4 years in HPS2-THRIVE were evaluated using estimates of the impact of serious adverse events on health-related quality of life and hospital care costs. During the study, participants assigned niacin-laropiprant experienced marginally but not statistically significantly lower survival (0.012 fewer years [standard error (SE) 0.007]), fewer quality-adjusted life years (0.023 [SE 0.007] fewer using UK EQ-5D scores; 0.020 [SE 0.006] fewer using US EQ-5D scores) and accrued greater hospital costs (UK £101 [SE £37]; US $145 [SE $53]). Stroke, heart failure, musculoskeletal events, gastrointestinal events, and infections were associated with significant decreases in health-related quality of life in both the year of the event and in subsequent years. All serious vascular and nonvascular events were associated with substantial increases in hospital care costs. Conclusions-In HPS2-THRIVE, the addition of extended-release niacin-laropiprant to statin-based therapy reduced quality of life-adjusted survival and increased hospital costs. Clinical Trial Registration-URL: http://clinicaltrials.gov. Unique identifier: NCT00461630. (Circ Cardiovasc Qual Outcomes. 2016;9:348-354.
P atients with cardiovascular disease remain at substantial risk for major vascular events despite current approaches to the treatment of risk factors, including effective statin therapies. 1 Niacin has been recommended because it reduces low-density lipoprotein (LDL) cholesterol, triglycerides, lipoprotein(a), and blood pressure and increases high-density lipoprotein cholesterol. 2, 3 The recent Heart Protection Study 2-Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE) trial assessed the effects of adding extended-release niacin in combination with laropiprant to effective statin-based LDL cholesterol-lowering treatment in 25 673 high-risk patients with previous cardiovascular disease. 4 Allocation to niacin-laropiprant did not significantly reduce the risk of major vascular events and increased the risks of various serious adverse events (SAEs), including infections, bleeding events, gastrointestinal events, musculoskeletal events, and skin-and diabetes-related events. 5 After HPS2-THRIVE results emerged, the European Medicines Agency suspended regulatory approval for niacinlaropiprant therapies. 6 The HPS2-THRIVE findings of adverse effects with niacin-laropiprant were consistent with adverse effects reported from previous trials of niacin alone, 7-10 suggesting that although niacin might still be relevant for particular patients (eg, those at high risk of cardiovascular disease and with high LDL cholesterol levels), any potential benefits should be considered in the context of the observed hazards.
In this article, we present the net overall effects of niacinlaropiprant on health (measured by quality-adjusted life years [QALYs] ) and hospital care costs in HPS2-THRIVE together with the separate effects of a wide range of vascular and nonvascular SAEs observed in the study on health-related quality of life (HRQoL) and annual hospital costs.
Methods

HPS2-THRIVE Randomized Trial
The design of HPS2-THRIVE, participant characteristics, and the effects of allocation to niacin-laropiprant on study outcomes have been previously reported. 4, 5 Briefly, 25 673 participants aged between 50 and 80 years with a history of myocardial infarction, cerebrovascular disease, peripheral arterial disease, or diabetes mellitus with any evidence of symptomatic coronary disease were recruited into the study from 245 hospitals in the United Kingdom, Scandinavia (ie, Denmark, Sweden, Finland, and Norway), and China. The prerandomization run-in period included standardization of the LDL cholesterol-lowering therapy to 40 mg daily simvastatin plus, if total cholesterol remained >3.5 mmol/L or previous statin therapy was more potent than simvastatin 40 mg, 10 mg daily ezetimibe. This was followed by an active niacin-laropiprant phase to establish participants' ability to tolerate study medication. Study participants who remained willing and eligible were then randomly allocated to extendedrelease niacin 2 g plus laropiprant 40 mg daily or matching placebo.
Identification of Adverse Events
After randomization, follow-up assessments of participants were conducted at 3 and 6 months and 6-monthly thereafter. All SAEs and any nonserious adverse events considered by participants to be related to or that resulted in stopping the study treatments were recorded. All reports of possible major vascular events (nonfatal myocardial infarction or coronary death, nonfatal or fatal stroke or any arterial revascularization) or prespecified liver and muscle safety outcomes were centrally adjudicated according to prespecified criteria by clinicians blind to treatment allocation. All SAE codes in the study were mapped to Medical Dictionary for Regulatory Activities version 14.0 preferred terms, the ICD-10 system for diagnoses, and the OPCS-4.5 system for procedures, as appropriate, by qualified clinicians. SAEs were grouped into prespecified categories for the analyses ( Table I in the Data Supplement) .
Health-Related Quality of Life
The EQ-5D-3L questionnaire 11 was administered to surviving study participants at their final follow-up visit by trained study nurses in Europe and trained study clinicians in China. The EQ-5D-3L contains 5 dimensions of quality of life-mobility, usual activities, self-care, pain, and anxiety-and each has 3 response levels-no problems, some problems, or extreme problems. Overall EQ-5D quality of life utility scores were calculated for each respondent using UK EQ-5D-3L scores in which a score of 1 corresponds to full health, 0 to death, and negative values to health states worse than death. 12
Hospital Costs
For individual participants, events requiring hospitalization with overlapping dates were combined to form episodes of hospital care. Using the ICD-10 and OPCS-4.5 codes of the constituent events in the hospital episodes (with the temporal order of events preserved), participants' age and comorbidities (ie, diabetes mellitus, coronary heart disease, cerebrovascular disease, and peripheral arterial disease), the hospital episodes were mapped into 2011 to 2012 UK Healthcare Resource Groups, and the corresponding NHS reference costs used to evaluate the UK costs for hospital care. 13 Healthcare Resource Groups are standard groups of clinically similar treatments which use similar levels of healthcare resources 14 and are the recommended method for costing hospital care in the United Kingdom. 15 For a small number of episodes in the study (3%), no suitable Healthcare Resource Groups could be identified, and clinical specialty-specific costs per day in hospital were used instead. 16 
Effects of Serious Adverse Events on Quality of Life and Hospital Costs
Because the effects of SAEs on HRQoL may depend on the time since the event occurred, hierarchical adverse event history variables were specified for each category of SAE in HPS2-THRIVE in the following (descending) order: the latest event occurred within 1 year before the EQ-5D response; the latest event occurred >1 year before the EQ-5D response but during the study; the latest event occurred before randomization into the study (where data were available); and no such event had occurred. The effects of these SAE histories on the HRQoL of participants recruited in Europe were modeled using linear regression, adjusting for participants' demographic and clinical characteristics. The data from participants recruited in China were not used for the estimation of these effects (except in a sensitivity analysis using the Chinese EQ-5D scores for Chinese participants) because EQ-5D scores have been shown to exhibit a larger ceiling effect in a Chinese population than in other populations. 17 Similarly, data on participants recruited in China were excluded from the estimation of the effects of each category of SAE on hospital costs, because of differences in rates of hospitalization after SAEs and much longer inpatient stays (almost 3 times longer for admissions in China), compared with participants recruited in Europe. To estimate the effects of each SAE type on annual hospital care costs, the follow-up time for all 14 741 HPS2-THRIVE participants recruited in Europe was divided into annual periods from randomization to the end of follow-up. UK costs of hospital episodes for each participant within each annual period were combined to form annual hospital costs. These annual hospital costs were then related to participants' demographic and clinical characteristics and annually updated adverse event histories (as described above), using a two-part statistical regression model to account for the large proportion of annual periods without hospital costs (ie, periods without hospital care use).
Effects of Allocation to Niacin-Laropiprant in HPS2-THRIVE
The rates of years of follow-up (per 1000 person-years) with SAEs, by category of SAE, were compared between participants allocated niacin-laropiprant and placebo using Poisson regression. The effects of allocation to niacin-laropiprant on QALYs and hospital costs were evaluated during 4 years in HPS2-THRIVE using data on all 25 673
WHAT IS KNOWN • In the Heart Protection Study 2-Treatment of HDL to
Reduce the Incidence of Vascular Events trial among people with atherosclerotic cardiovascular disease, the addition of extended-release niacin with laropiprant to statin-based LDL cholesterol-lowering therapy did not significantly reduce the risk of major vascular events and increased the risks of a range of serious adverse events. However, the net effects of niacin with laropiprant on health and healthcare costs were unknown. randomized participants (from Europe and China) and taking account of all (ie, both first and any subsequent vascular and nonvascular) SAEs. Data on all randomized participants were used to enhance the reliability of the estimates because the study was not powered to reliably evaluate effects within categories of participants. The effect of niacin-laropiprant on survival was estimated using the Kaplan-Meier product limit estimate. The data on participants' SAEs during the study was combined with the estimates of the effects of these events on HRQoL and costs to evaluate the quality of life and hospital costs for each person during each year of follow-up. The inverse probability weighting method was used to estimate the QALYs and hospital costs during 4 years in HPS2-THRIVE taking into account censoring. 18 Standard errors (SE) were estimated using 1000 bootstrap samples. This indirect approach to the estimation of QALYs and costs was adopted because HRQoL data were collected only at the final follow-up and because participants from China, although providing important information about the effect of allocation to niacinlaropiprant on SAEs, differed substantially from those in Europe with respect to hospital resource use and quality of life.
WHAT THE STUDY ADDS
In scenario analyses, the net effects of allocation to niacin-laropiprant on QALYs was estimated, first, using US EQ-5D-3L utility scores, 19 and, second, using EQ-5D-3L scores from each of the countries contributing data to HPS2-THRIVE. The OECD GDP 2014 purchasing power parity index (0.70 £/$) was used to convert the UK costs into US costs. 20 Effects of allocation to niacin-laropiprant on survival, QALYs, and hospital costs were also estimated within tertiles of study participants by estimated 5-year cardiovascular disease risk. All analyses were performed using R 3.0.0 and Stata 12.0.
Further details on the methods are presented in the Materials section in the Data Supplement accompanying the article.
Results
Study Participants
Overall, 25 673 participants were randomized in HPS2-THRIVE (Table 1 ). The mean age of participants was 65 years, and 83% were men. Coronary disease was reported at recruitment by 78% of the participants, cerebrovascular disease by 32%, peripheral arterial disease by 13%, and diabetes mellitus by 32%. The median (mean) duration of follow-up was 3.9 (3.6) years.
In total, 14 741 HPS2-THRIVE participants were recruited in Europe (8035 [55%] in the United Kingdom and 6706 [45%] in Denmark, Sweden, Finland, or Norway). Among them, 13 679 (97% of those alive at final followup) completed the EQ-5D questionnaire. The distribution of baseline demographic and clinical characteristics of participants contributing to the estimation of the effects of SAEs on HRQoL and hospital costs was similar ( Table II in 
Effects of Vascular and Nonvascular Events on Health-Related Quality of Life and Annual Hospital Costs
Despite all participants having a history of cardiovascular disease, 5660 (41%) of the EQ-5D respondents from Europe reported that they were in full health (ie, no problems in all five EQ-5D dimensions). Mean quality of life utility among all respondents was 0.82 (SD: 0.22) using the UK EQ-5D scores. Significant reductions in HRQoL were observed for any stroke, noncoronary revascularization, heart failure, musculoskeletal disorders, and infections, both in the year of the event and, with the exception of noncoronary revascularization, in years after the event. By contrast, gastrointestinal bleeds, other (neither gastrointestinal nor hemorrhagic stroke) bleeds, and skin events were not associated with statistically significantly reduced quality of life. Larger effects on EQ-5D utility were generally seen in the year of the event than in subsequent years ( Figure 1 ; Table III in the Data Supplement).
The mean annual hospital cost across the 56 986 annual periods of follow-up of the 14 741 HPS2-THRIVE participants recruited in Europe was UK £569 (SE £9). Costs were incurred (ie, at least one hospitalization recorded) in 9506 (17%) annual periods. Nonfatal vascular events were associated with larger increases in annual hospital costs in the year of the event than were fatal events or other nonfatal, nonvascular adverse events, with the highest increases associated with revascularization procedures. The occurrence of a nonfatal myocardial infarction, stroke, or coronary revascularization in the previous year was associated with small increases in annual hospital costs in the current year. Pre-existing (ie, present at the beginning of an annual period) coronary heart disease, diabetes mellitus, cerebrovascular disease, and heart failure were also associated with small increases in annual hospital care costs. Of the other nonfatal adverse events, annual costs were most elevated in years in which bleeds other than gastrointestinal bleeds or hemorrhagic strokes, infections, and gastrointestinal or musculoskeletal disorders occurred ( Figure 2 ; Table  IV in the Data Supplement).
Net Effects of Niacin-Laropiprant
During the study, allocation to niacin-laropiprant was associated with an average reduction in the LDL cholesterol of 10 mg per deciliter compared with allocation to placebo (mean LDL cholesterol was 63 mg/dL on statin-based therapy alone at baseline). However, allocation to niacin-laropiprant had no significant effects on major vascular events (myocardial infarction, revascularization, any stroke, or heart failure) or mortality but significantly increased rates of diabetes mellitus complications, musculoskeletal disorders, gastrointestinal bleeds, other gastrointestinal disorders, other bleeds (not gastrointestinal or hemorrhagic stroke), infections, and skin Table 2 ).
The differences in QALYs among those allocated niacinlaropiprant versus placebo were similar when the US EQ-5D utility scores were used (mean difference −0.020 QALYs [SE 0.006]; P=0.002; Table 2 ) and when EQ-5D utility scores corresponding to the country of recruitment of each HPS2-THRIVE participant were used (mean difference −0.016 QALYs [SE 0.007]; P=0.02). Using the OECD GDP 2014 purchasing power parity index, allocation to niacin-laropiprant was estimated to increase average hospital costs by US $145 (SE $53; P=0.007) during the 4 years. Allocation to niacin-laropiprant was estimated to generate similar reductions in QALYs and increases in hospital care costs among participants at different levels of cardiovascular disease risk in HPS2-THRIVE (Table VI in 
Discussion
HPS2-THRIVE showed that adding niacin-laropiprant to statin-based LDL cholesterol-lowering therapy in patients with cardiovascular disease reduces their quality of lifeadjusted survival and increases their hospital costs during a 4-year period. Mean survival time was also shorter, although not statistically significantly so, but the increased rates of a range of SAEs among those assigned niacin-laropiprant and the adverse impact of these events on HRQoL meant that the impact on survival adjusted for quality of life was even greater than the impact on survival alone. These findings were consistent across categories of participant by cardiovascular disease risk and suggest that assignment to niacin-laropiprant in the study resulted in 300 fewer years of life (in good health) and £1.30 million extra hospital costs (UK hospital prices; ≈US $1.8 million) for the duration of the study excluding the cost of niacin-laropiprant therapy.
It is possible that laropiprant contributed to the observed hazards of niacin-laropiprant; however, the consistency of the side-effect profile with previous studies of niacin alone 7-10 suggests that the adverse effects observed in HPS2-THRIVE are likely mainly because of niacin. Niacin continues to be considered as a treatment option, in particular for individuals who cannot tolerate statin therapy or for whom LDL cholesterol is not adequately controlled using statin-based therapies. [21] [22] [23] However, although the reduction in LDL cholesterol that could be achieved with niacin in the absence of statin therapy is likely to be bigger and, as a consequence, the effect on vascular events might be larger, any net benefit, given the wide range of SAEs, is uncertain. Even in the highest cardiovascular risk tertile in HPS2-THRIVE (ie, 25% median 5-year major vascular event risk), the effects of niacin-laropiprant were consistent with net health harm and extra hospital costs. The cost of the niacinbased intervention itself (eg, Niaspan 2000 mg available in the United States at ≈US $7/day 24 or $10200 per person during 4 years) represents a further burden to the healthcare provider and the patient.
In this study, the net effects of niacin-laropiprant on health and healthcare costs were derived using information about its effects on a wide range of vascular and nonvascular events and the effect of these events on HRQoL and hospital costs. The estimated effects of particular adverse events on quality of life are consistent with findings from other studies 25 but are based here on high-quality data from a substantially larger patient population and incorporate a much wider range of vascular and nonvascular adverse events. The comparability of the estimated costs with previous work is limited by many factors, including different patient populations and costing methodologies. Nevertheless, to the extent to which the results can be compared, there is consistency between the estimates presented here and in previous UK research, with a similar ordering of events according to their effects on annual costs. [26] [27] [28] The estimates of the costs associated with adverse events reported here include all hospital care in the annual periods in which the events occur. Consequently, along with estimated impacts of adverse events on quality of life, these cost estimates could be used in economic models to evaluate the net effects of interventions affecting risks of a range of SAEs on HRQoL and hospital costs of individuals at high cardiovascular risk. To assist such applications, an Excel program for the implementation of the HRQoL and hospital care cost models is available at http://www.herc.ox.ac.uk/downloads.
Several potential limitations to the study should be noted. First, information on other healthcare costs was not included, either because such information was not collected in HPS2-THRIVE (eg, primary care services) or the collected information was not sufficient for costing (eg, use of concomitant medication). Hence, although hospital care accounts for the vast majority of healthcare costs in this population, 29 the estimated costs of events reported here will underestimate the total healthcare costs. Second, only a single measurement of HRQoL at final follow-up was taken. Additional measurements of HRQoL could have enabled adjustment for unobserved heterogeneity between participants, potentially allowing for improved estimates of the effects of adverse events on HRQoL. 30 Finally, HPS2-THRIVE was a multinational study. We have estimated the effects of different categories of SAEs on quality of life and costs by applying UK HRQoL EQ-5D scores to the quality of life responses and UK costs for the hospital episodes observed among HPS2-THRIVE participants recruited in UK and Scandinavian countries, and then applied the results to all participants in the trial to obtain the most reliable estimate of treatment effect based on differences between randomized groups. Some differences in the pattern of adverse effects have been noted between participants recruited in HPS2-THRIVE in China and in Europe (eg, an excess of myopathy associated with adding niacin-laropiprant to statin-based LDL cholesterol-lowering therapy was more than 10 times larger among participants in China than those in Europe 4,5 ); however, the net health effects of niacinlaropiprant were consistent with net harm also among only participants recruited in Europe. Some heterogeneity in health care between participating countries might have also affected our estimates but is unlikely to have materially affected the randomized comparison of the effects of niacin-laropiprant on health and healthcare costs; results that are likely to be also robust across different healthcare settings.
In conclusion, in individuals with cardiovascular disease treated with statin-based LDL cholesterol-lowering therapy, the addition of niacin-laropiprant increased the rates of various SAEs, reduced HRQoL, and increased hospital care costs during 4 years in HPS2-THRIVE. Results are mean (SE) unless otherwise stated. Randomized comparisons are based on all randomized participants and all (first and subsequent) events during the 4 years of follow-up. CI indicates confidence interval; and HRQoL, health-related quality of life.
*Estimated using UK EQ-5D-3L scores and UK Healthcare Resource Groups hospital costs. †Effects of events on EQ-5D utility scores were re-estimated using EQ-5D-3L scores from Sweden, Denmark, Finland, and, using data from Chinese participants only, China. The resulting models were then applied to randomized participant data from the corresponding countries. In the absence of EQ-5D-3L scores for Norway, the Danish HRQoL estimates of effects were also applied to participants from Norway.
